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[57] ABSTRACT 

Fluorescent immunoassay apparatus and method em- 
ploying a disposable consisting, in a preferred embodi- 
ment, of a short length of precise diameter capillary 
tubing having an axially disposed optical fiber to which 
is immobilized a monolayer of a component of the anti- 
body-antigen complex (e.g., an antibody), an inert dilu- 
ent, and a preload of a known amount of tagged com- 
plement to the immobilized component (e.g., a fluores- 
cent-tagged antigen). The dimensions of the fiber and 
the capillary tubing are chosen so as to allow the tube to 
fill itself by capillary action once an end of the tube is 
immersed into the sample. Precise timing and ballistic 
measurements may, if desired, be avoided by insuring 
the incubation time is larger than the diffusion time 
necessary to scavenge the volume between the fiber and 
the capillary tubing. Fluorimetric measurement is made 
by total reflection fluorescence techniques. 

15 Claims, 4 Drawing Figures 
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. 1' . . 2 

tional to the concentration oiF the untagged tjomplement 

FXyOMSOTNT IMMU^^ being assayed. 

OPTICAL FIBER IN CAPILLARY TUBE ' Alternatively, an assay may be made by immobilizing 

a quantity of an analog of the moiety to be quantitated 

' Background QF THE INVENTION S a ^substance which is immunologically similarly 

. . ^ w V ■ ' J reactiv^ and reacting the sample with a known quah- 

^is mvention- relates to immunoassays, and ^ore ^ ^ digged complement The tagged cbmplemeht 

particularly to such assays wherein a fluorescent tag complexes with both the unknown qmntky of the moi- 

capable of emitting fluorescent radiation when excited ^^ ^^ ^^e immobilized analog. Again, 

by more energetic exciting radiation is mcorporated .^^^^^.^y fluorescence of the immobUized com- 

:iiitoaconstituentofanantigen.antibodyorsimilarcom- ^^^^ inversely proportional to the concentration of 

P^^*- ; ... V - , the (free) moiety being quantitated. 

Immunoassays/ m which ahquots of sample and one So-called "sandwich" immunoassays may be per- 
or more reagents are variously reacted to form antigen- formed for multivalent complements to the immobilized 
antibody or similar complexes which may then be ob- 15 component, the attached complement being then fur- 
served in order to assay the sample for the presence and thef reacted with a tagged analog of the imobiUzed 
titer of a predetermined moiety of the complex, are well component. Thus, bivalent antigen may be bound to an 
known. Typical of such assays are those wherein a immobilized antibody and then reacted with a fluores- 
specific antibody is' used to measure, the quantity of the cent* tagged antibody, forming an antibody— an- 
andgen for which it is specific (or vice versa). How- 20 tigen— tagged antibody sandwich that may then be 
ever, the technique has been extended to quantitate separated from the unreacted tagged antibody. The 
haptens (including hormones, alkaloids, steroids, aiid intensify of the fluorescence of the thus formed immobi- 
the like) as well as' antigens^ ' and antibody fragments lized complex is directly proportional to the ooncentra- 
(i.e., Fab) as well as complete antibodies, and it is in this tion of the spebies being quantitated. 
broader sense that the present invention should be un- 25 Iri' anjrof the^a^ssays, accuracy in quantitation is deter-- 
derstood. ^ . . .^i mined in part by the technique of the laboratory person- 

As is well knovOri) sensitive inimunoassays employ nel performing the assay. Thus, precision fluorescence 
tracer techniques Wherein a tagged constituent of the immunoassay requires fluoromctric measuirement of a 
complex is incorporated into the T^gent, th? non-com- predetermined volume of the sample to which a prede- 
plexed tagged reagent being separated from the com- ^0 termined quantity of reagent has been added at a known 
plexed reagent, and the complex" (or non-coibplexed dilution. To insure that the necessary volume measure- 
reagent) then quantitated by bbservihg tlxe t^g. Both the accuracy limiting step of the assay 
radioisotopes and fltibrescent markers have been used requires that the assay be performed by skilled person- 
to tag constituents bf immunoassay reagents, the tag and often with precision apparatus, or alternatively, 
being respectively obsei'ved by a gamma ray counter or precfeely constructed ^d preloaded disposable reagent 
a fluorometer! the present invention is,:hoWever, di- j^^V'^ ^l^^^f of reagent) together^ with an 
rected only to those assay wftich rely 6n fluorescence. accurately timed diffusionjrocess (to insure the size of 

The separation of^he non-complexed tagged moiety *^^/^P[^ volume assayed 

from the complbxed is commonly accomplished by It wiU be appreciated Jhat the use of slall^^^^ 

immobilizmg a predetermined one of the components of ^ Precision apparatus, and accurate manipulative or t^^ 

the complex to a soUd phase (such as the inside wall of requirements impact both the cost and wide-scale 

a test tube, glass or polymeric beads, or the like) in sucH avauabUity ot an assay, 

a way as not to hinder the component's reactivity m OBJECTS OF THE INVENTION 

I^'iZn^nlS^^ Accordingly, it is an Object Of the present invention 
^ovT^^ V - bound by Its c^r- to provide ^paratus and methods for fiuorescem im- 
boxyltermmauonsto a^^^^^^ muSoassayirTwhich volume measurement is neither th6 
sdyl compound such as 3:ai^mopropyltrimethoxysi^^ ^^^^^^ ^^^^ skUl'determming step of 
diereby leaving the antibody s antigen^reactive amino ^j^ereby making precision immiioassay 
eiminations fr^. Any complex formed incorporating 53 ^i^ely and inexpensively available, 
the mnnobihzed^component may then be physically ^ f^j,^, object of the present invention to pro- 
separated from the non-reacted complem^^ rmm^ vide apparatus and nicthods for fluorescent immunoas- 
in solution as by ^pirating. or decanting the fluid from ^jji^h do not require expensive precision manufac- 
a tobe or eluting the fluid through a particulate bed. accurate preloading of apparatus reagent, or 

In competition immunoassay, the reagent consists of a 55 disposable. . 

known quantity of tagged complement (such as antigen) yet another object of the present invention is to pro- 

to the unmobilized component of the complex, (in.this vide a simple and accurate immunoassay wherein a low 

instance, antibody). The reagent is mixed with a fixed cost easily manipulated disposable insures the sample 

quantity of the sample contaming the untagged comple- volume and supplies the proper quantity and dilution of 

ment to be quantitated, Both tagged and untagged com- 60 reagent, 
plement attach to the immobilized component of the 

complex in proportion to their relative concentrations. BRIEF DESCRIPTION OF THE INVENTION. 

After incubation for a set time, the fluid sample and These and other objects are accomplished in the prcs- 

reagent are separated. The complex immobilized to the ent invention of an immunoassay apparatus and method 

solid phase is then illuminated with radiation'of a wave- 65 in which a disposable consisting,, in a prefcixed cmbodi- 

length chosen to excite fluorescense of thie tag, and the ment, of a length of precise diameter capillary tubing 

fluorescense is measured, The intensity of the fluore- having an approximately axially disposed optical fiber 

scense of the immobilized cbinplex is inversely proper- to whichi's immobilized a monolayer of a component of' 
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the antibody-antigen complex (e.g., an antibody), an following detailed description taken in connection with 

inert diluent, and a preload of a known amount of the accompanying drawings wherein: 

tagged complemient to the immobilized component FIG. 1 is a longitudinal cross-sectional view of a 

(e.g., a fluorescent-tagged antigen). The active length of disposable immunoassay kit which forms a preferred 

the fiber is controlled by silicone coating all but a por- 5 embodiment of the apparatus of the present invention: 

tion of the fiber, thereby making all but the uncoated FIG, 2 is a view, similar to FIG. I, of an alternative 

portion chemically inert, prior to loading the fiber with embodiment of the immunoassay kit of the present in- 

the immobilized component, diluent, and tagged com- vention; 

ponent. The immobilized component, the diluent, and FIG. 3 is a stylized view of a portion of the kit of 

the tagged component are made to have fixed composi- 10 FIG. 1 (or 2), illustrating a typical immuno-chemical 

tion and quantity by loading the active region of the reaction in the realization of the invention; and 

fiber from a solution having appropriate concentrations FIG. 4 is a schematic view of an exemplary fluorome- 

of the reagents. ter for use with the immunoassay kit of the present 

The dimensions of the fiber and the capillary tubing invention, 

are chosen so as to allow the tube to fill itself by capil- 15 in the figures, like index numbers refer to like ele- 

lary action once an end of the tube is immersed into the ments. 

sample. For a given size tube and fiber, a fixed volume with reference to tcrmmology, it will be noted in the 

of sample will be drawn into the tubing whenever it is detailed description of the apparatus of this invention 

dipped into sample and allowed to fill completely. thatportionsof the apparatus arc referred to as "upper ' 

However, it is sufficient to have the sample cover only 20 and "lower" portions. This is done wholly for conve- 

the active length of the fiber (i.e., the portion of the nience and to relate the description to the diagrammatic 

fiber loaded with the immobilized component, tagged representations in the drawings. It will be appreciated 

component, and diluent). This can be verified by ob- that the apparatus can function in any position or orien- 

serving the level of the sample in the capillary tubing tation and it is within the scope of this invention to have 

relative to the inactivating silicone coating on the fiber, 25 it do so. 

It is therefore not necessary to control precisely the it is further to be understood that the representation 

capillary tubing's length or to insure its complete filling. in the figures is diagrammatic and no attempt has been 

The fluorometric measurement is made by total rcflec- made to indicate actual scales or ratios, 
tion fluorescence techniques. 

The actual sampled volume is the product of the 30 DETAILED DESCRIPTION 

active fiber surface area multiplied by the distance from xhe present invention operates by total reflection 

the fiber that can be sampled via diffusion processes. fluorescence, coupled with tunneling of the fluorescent 

The large length-to-diameter ratio of the fiber insures radiation, as described in copending application Ser. 

that the length ofthe sampled region is very little longer 406,324, filed Aug. 9, 1982, and assigned to the 

than the fiber's active length- The depth of the layer 35 assignee of the present application, and to which refer- 

sampled by diffusion depends on the incubation time. gnce may be had for further details ofthe optical mode 

To avoid precise timing requirements, or to avoid ballis- of operation of the apparatus. 

tic measurements, it is only necessary to insure the incu- Referring to FIG. 1, there may be seen a longitudinal 

bation time is larger than the diffusion time necessary to cross-sectional view of an immunoassay kit 10 made in 

scavenge the volume between the fiber and the capil- 40 accordance with the principles ofthe present invention, 

lary tubing. Thus, the volume sampled is easily con- Kit lO comprises optical fiber 12. capillary tube 14, and 

trolled in the construction of the disposable of the pres- stopper 16. 

ent invention. Piber 12 is an elongate substantially cylindrical opti- 
Since the assay kit of the present invention contains cally transparent body adapted to propagate along its 
the necessary reagent in the required quantity and dilu- 45 fen^ through multiple total internal reficctions optical 
tion, and since its construction controls the volume radiation entering an end of the fiber within an estab- 
sampled, little training or skill is required of the techni- Ushed solid angle substantially lotationally symmetric 
cian performing the assay, nor is any precision volumct- about the fiber's axis. As is well known in the art of fiber 
ric differential sensing, or timing apparatus required. optics, the maximum acceptance angle, with regard to 
Inasmuch as fibers and capUlary tubing of precise 50 the fiber axis, B, for the radiation entering the fiber and 
diameter and bore are readily and inexpensively avail- so propagated within it, is established by the refractive 
able, and since the coating and loading ofthe fiber may indices of the fiber and the surrounding medium. For 
be easily controlled during manufacture, it will be ap- radiation initially propagating through a medium of 
preciated that the disposable of the present invention refractive index n^, incident upon a fiber of refractive 
may be fabncated reasonably inexpensively. 55 index m otherwise surrounded by a material of refrac- 
Other objects ofthe invention will in part be obvious tive index n:, the maximum acceptance angle may be 
and will in part appear hereinafter. The invention ac- found from the equation 
cordingly comprises the apparatus possessing the con- 
struction, combination of elements, and arrangement of n.a ^rtosin B~(n\^-n2^\, i) 
parts and the method comprising the several steps and 60 

the relation of one or more of such steps with respect to . where N.A. is the so-called numerical aperture of the 

each of the others which are exemplified in the follow- fiber. By way of example, but not limitation, fiber 12 

ing detailed disclosure and the scope of the application may be any of a number of optically transparent materi- 

of which will be indicated in the claims. als, such as glass, quartz, polypropylene, polyolefin, 

m IFF nF*?r p iPXiriM nr thf riP a wf w<- «5 ^" refraction 

BRIEF DESCRIPTION OF THE DRAWINGS ^^^^^^ ^^^^ ^^^^^^ ^^^p,^ ^^^^ ^^^^^ ^^^p.. 

For a fuller understanding of the nature and objects cally. an aqueous solution having an index of refraction 

ofthe present invention, reference should be had to the near 1.33 or a serum sample* having an index of refrac- 
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tion near 1.35) and further chosen to be relatively rnsol- instance, low optical index silicone, extending over both 
ubie and non-reactive with the fluid. While other fiber ends of the fiber. It will be understood, however, that 
diameters may be used, it has been found that 2iD0 mir the dimensions of activated regioaSO may be controlled 
crons is satisfactory. For most assays, a fiber 25 mm in by other means (e.g., by masking the fiber during coat- 
length appears adequate; however, it will be understood 5 ing), or. alternatively, the entire length of fiber 12 might 
that the length of the fiber can be accommodated to the be activated and the length of the fiber disposed within 
assay to be undertaken. capillary tube 14 carefully controlled. 

As will be described in detaU hereinafter, fiber 12 is Turning now to FIG. 3, there may be seen a highly 

provided with a surface, coating including means for stylized representation of a longitudinal cross-sectional 

attaching selected moieties of an antigen-antibody com- 10 portion of kit 10 within activated region 30 of fiber 12, 

plex (as herein used, "antigen-antibody complex" in- filled with a sample 43 to be assayed, 

cluides complexes not only of complete antibodies and The surface of fiber 12 within region 30 is provided 

antigens, but complexes incorporating the immunologi- with a plurality of coupling sites 44, to a number of 

cally reactive fragments of eitljer. or both), which are bound a moiety 46 of the antibody-antigen 

Capillary tube 14 is prefera|jly an optically transpar- 13 complex. (As used herein, the phrase "moiety of an 

ent tube, its material of construction also being chosen antibody-antigen complex" refers to immunologically 

to be relatively insoluble and non-reactive with the fluid reactive portion of such a complex, and includes hap- 

being assayed. Thus,, capillary tube 14 is preferably tens as well as complete antigens and antigen reactive 

faa^ricated from such materialis.ais glass, quartz, polypro- antibody fragments as well as complete antibodies), 

pylene. polyolefin, or the like. In a preferred cmbodi-. 20 Coupling sites 44 are so selected as to immobilize moi- 

ment, capillary tube- 14 is^ of right circular cylindrical eties 46 without appreciably affecting the reactivity 

bore, haying an inside diameter a few hundred microns (e.g., the affinity and avidity) of the moiety for the 

larger than the diameter of fiber 12 .{e.g„ for a fiber complementary portion.of the complex! In a preferred 

diameter of 200 microns, capillary tube.14 may have an embodiment, fiber 12 is of glass or quartz, coupling sites 

inside diameter of about 800 microns). 25 44 are the reactive groups of a silyl compound such as 

Stopper 16 is cpnfigiired and dimensioned to fit 3-amino-propyltrimethoxysilane, and moieties 46 are an 
within an end of capillary tube 14 and support an end antibody such as immunoglobulin G (IgG). As noted 
portion 18 of fiber 12 substantially coaxially within the hereinabove, for this particular combination of solid 
capillary tube. Additionally, stopper 16 provides a hard phase, coupling site 44 and moiety 46 may be bound 
locatmg surface for positioning kit 10 in a fluorometer, 30 through the antibody's carboxyl terminations, thereby 
as will be described hereinafter. To these ends, stopper leaving the antibody's antigen reactive amino termina- 
16 IS preferably provided with a^ flange 20 ..having an tions free. The method for preparing the glass surface of 
overall diameter on the order of the outside diameter of fiber 12, of attaching the silyl compound thereto, and of 
capillary tube 14 and a centrally disposed ferrule-like covalently bonding an antibody to the glass through the 
extension 21 coaxial with a central bore 22. Bore 22 33 silyl coupling, are described by Weetall (U.S. Pat. No. 
penetrates throughout stopper 16, and is dimensioned to 3,652,761), where may also be found a description of 
secure end portion 18 of fiber 12, Jn a preferred embodi- other silyl compounds and the methods by which Gar- 
ment, stopper 16 is molded in place about fiber 12, the boxyl, amino, and other reactive groups of antibody of 
stopper being preferably fabricated of a low index mate- antigen (or their fragments) may be covalently bound to 
nal, such as sUoxane, Stopper 16 is further provided 40 various inorganic materials. It should be noted that an 
with one or more through perforations 23 cpmmiinicat- extensive art for immobilizing antigens or antibodies to 
mg with the interior of capillary tube 14. * polymers also exists, and those skilled in the art viall 

Fiber 12 passes through and is supported by stopper understand that coupling sites 44 for antigen or anti- 

16 so as to expose substantially all of the fiber but end ■ body might be provided on polymeric fibers, also. Thus, 

portion 18 to the mterior of capiUary tube 14, . leaving 45 for instance, if fiber 12 is of nylon (polyamide). the 

end face 24 of end portion 18 unobscured and contermi- coupling may be in the form of the substitution of an 

nous with the extremity of bore 22 external to the capil- appropriate radical for the hydrogen bound to the poly- 

lary tube. End face 24 is preferably planar and disposed mer's functional groups. 

normal to the axis of fiber 12. Preferably, end face 24 is It should be noted that coupling sites 44 may also, 

also highly transparent and free of blemishes which 50 incorporate spacer groups, as are well known in the art, 

would tend to scatter light incident upon the end face. to insure sufficient separation between fiber 12 and 

To this end, end face 24 may be optically polished. moieties 46 as to minimize steric hindrance of the anti- 

although It has been found that a fused quartz fiber may body-antigen binding process. For example, coupling 

be cleaved to provide an adequate optical surface. Op- sites 44 might include a polyethylene chain, as for exam- 

tionally, the end face 26 of the fiber distal from end face 55 pie in the case of 1,6 diaminohexane or 6 iminohexanoic 

24 IS also polished flat or cleaved and further provided acid bound to fiber 12 through a peptide bond and re- 

with a mirror coating 28 (or a separate mirror) disposed spectively providing a free primary amino and a free 

substantially normal to the fiber axis, thereby causing carboxyl group for covalently binding to the carboxyl 

radiation trapped in the fiber to double pass the fiber. or amino termination of a protein moiety 46. Either of 

The overal dimensions of fiber 12, capillary tube 14, and 60 these coupling materials provide a 6.carbon chain be- 

stopper 16 are chosen to insure lower end face 26 of the tween terminations, thereby spacing moiety 46 from 

fiber IS within the capiUary tube. fiber 12 by the corresponding distance. Similar appro- 

Prior to being assembled into kit 10, fiber 12 is pro- pnatc coupling and spacer materials are well known in 

vided a coatmg, as will be described, activating a region the arts of both immunoassay and affinity chromatogra- 

30 of Its cylindrical surface for the assay to be per- 65 phy. 

formed. In a preferred embodiment, the activated re- In a preferred embodiment, fiber 12 is provided with 

gion 30 is restncted to a predetermined length of fiber moiety 46 having occupied binding sites, as indicated at 

12 by a chemically and optically inert coating 32 of, for index numerals 46C, the moieties being in part provided 
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with attached tagged complement 50 for competitive source 60 and transmits the low frequency radiation 

immunoassays. Thus, in one embodiment moiety 46 is corresponding to the fluorescence maximum of the 

an antibody, and a preloading of tagged antigen or fluorophor. 

hapten is incorporated into the coating of fiber 12. Each Objective 64 is selected to image light source 60 on 
of the tagged components 50 is provided with a pre- 5 end face 24 of fiber 12, so as to just fill the end face with 
determined quantity of fluorophor 52, thereby provid- an image of the beam shaping aperture of the source, the 
ing a tag. The particular flurbescing compounds of maximum angle of incidence of a ray being selected to 
interest for tagging include fluoresceine, tetramethylr- be less than that corresponding to the numerical aper- 
hodamine, rare earth chelates, and the like. Methods for ture of the fiber. Objective 64 is also selected so as to 
linking fluroescent tags to protems are well known in 10 collect substantially all of the radiation exiting end face 
the art, and many of the commercially available fluo- 24 over the numerical aperture of the fiber and image 
rescing compounds have groups for linking to proteins. the end face at photodetector 66. As an aid in establish- 
Preferably, for competition assay, a fixed portion of ing the proper position of fiber 12, fluorometer 59 is 
coupling sites 44 are provided with a immunologically preferably provided with a positioning means, such as 
inert protein 56, such as albumin. IS aperture plate 65, dimensioned to accept ferrule-like 

The coating can be made to have a fixed surface extension 22 of stopper 16 and disposed to position end 

composition by using . adsorption phenomena, as fol- face 24 appropriately relative to objective 64. 

lows. For a coating solution prepared with appropriate Photodetector 66 is positioned to receive, through 

concentration of the reagents, mere immersion of a fiber beamspUtter 62, an image of end face 24 of fiber 12 

activated with the proper surface binding groups 44 will 20 projected toward the photodetector by objective 64. 

produce a surface monolayer of chemically bound pro- Photodetector 66 preferably includes a photomultiplier 

tein. The proportion of, say, immunoglobulin to inert (provided with appropriate power supply and field 

protein m this layer will be given by (but not identical optics to restrict the detector's field of view to end face 

to) their proportion in the solution. Any partial filling of 24, as is well known in the art), chosen to have maxi- 

the immunoglobulin active sites with tagged antigen 25 mum sensitivity in the region of peak fluorescence of 

will of course be maintained at the level in the solution. the fluorophor. Photodetector 66 is further preferably 

After dipping, the fiber is removed from the coating provided with a blocking filter corresponding to the 

solution. To prevent the adhering liquid layer from band-pass filter provided light source 60. 

entraining additional reagent, the fiber is then quickly Reference detector 68, preferably a photodiode. is 

washed before further evaporation can occur. The pro- 30 disposed to intercept radiation from light source 60 

tein layer, being covalently bound, Will not be dislodged passing through dichroic beamsplitter 62. Reference 

by this process. In order to prevent binding of more detector 68 is chosen for peak sensitivity in the spectral 

than one layer of protem, the bifunctional reagent must region of Ught source 60 passed by dichroic beamspiit- 

ttot alter the net charge of the protein (this can be con- ter 62, and includes appropriate field stops and optics to 

trolled by adjusting the pH of the coating solution) and 35 limit its field of view to the source, 

not have too long a spacer arm. Ratio ampUfier 70 is any of a number of well-known 

Kit 10 is intended for use with fluorometer 59 (FIG. electronic means providing an output signal which is 
4). Fluorometer 59 comprises light source 60, dichroic proportional to the ratio of a pair of input signals, so 
beam splitter 62, objective 64, photodetector 66, refer- connected to the outputs of photodetector 66 and refer- 
ence detector 68, ratio amplifier 70, and display 72. 40 ence detector 68 as to provide a signal proportional to 

Light source 60 provides optical radiation of the the ratio of the output of the photodetector to the refer- 

appropriate frequency, chosen on the basis of the ence detector. For instance, ratio amplifier 70 may be a 

fluorophor used as the tag in the assay of interest to variable gain amplifier amplifying the output from pho- 

excite fluorescense in the tagged component of the todetector 66 and having a gain inversely proportional 

reagent. Light source 60 preferably provides this radia- 45 to the output from reference detector 68. 

tion over only a narrow wavelength band, chosen to The output of ratio amplifier 70 is connected to and 

maximize the fluorescence. Hence, light source 60 typi- serves as the mput for display 72. Display 72 is any of a 

cally includes, in addition to the preferred tungsten- number of devices that provides a visual signal propor- 

halogen lamp and associated power supply, a band-pass tional to an electrical input, and may be, for instance, a 

filter. Alternatively, it will be understood light Source 50 meter, a digital display, a strip chart recorder, or the 

0 might incorporate other sources, such as a mercury like. 

iiamp, flash lamp, or a laser. Light source 60 also in- In operation, kit 10 is dipped into a sample to be 

ciudes an appropriate beam shaping aperture and optics, assayed. Perforations 23 allow capillary tube 14 to fdl 

as will be understood by those skilled in the art, to itself by capillary action once its end is unmcrsed in 

illuminate objective 64 with a beam of the appropriate 55 sample (for the proposed tube diameter, it will be ad- 

vergence so as to permit the objective to image the vantageous to hold the fiber at a slant for filling), 

source aperture on end face 24 of fiber 12 with no ray A fixed volume of sample will thus be drawn into 

incident on the end face at an angle of incidence greater capillary tube 14 whenever it is dipped in the solution 

than that corresponding to the numerical aperture of and allowed to fill completely. Actually, this precaution 

4he iiber. 60 is not really needed, and it is sufficient to have the liquid 

Interposed between light source 60 and objective 64 only cover the entire active region 30 of fiber 12. This 

is dichroic beamsplitter 62. In the preferred embodi- can be verified by observing the sample to cover the 

ment, beamsplitter 62 is a low-pass interference filter upper inactivating coating 32 on the fiber. It is therefore 

with a cut-off frequency chosen to be between the fre- not necessary to control precisely the capillary's length 

quencies of maximum absorption and maximum fluores- 65 or its complete filling. 

cence emission of the fluorophore of interest. Beam- The actual sampled volume will be given by the 
splitter 62 thus reflects the high frequency (short wave- product of the surface area of active region 30 multi- 
length) fluorescence exciting radiation from light plied by the distance away from fiber 12 that can be 



06/16/2003, EAST Version: 1.03.0002 



4.447,546 

9 ,,. 10. ...... .. 

sampled via the diffusion process. This distance depends evanescent wave, the tagged complexes 46C fluoresce* 
upon the particulate size of the species of interest, .the A portion of the fluorescent emissibn tui^^ into the 
temperature, and the viscosity of the sample fliuid. For fiber, propagating within the fiber dong paths exceed- 
typical values of these paruneters, several huh^jfed ing the critical angles as indicated* for ins 
microns of serum may be subst^tially scavenged' of 5 56 in FIG. 3. Qne-half or more' of this tpblly r^eflected 
antigen in incubattbh times on the bi'der of IS nunutesl fluorescence emission exits the fiber at eiid face :24, 
For such incubation times, the volume sampled is siib- ' where it. is collected by objective ^ and projected 
stanttally the volume cohtahied between fiber U and toward photbdetectof 66. As 'flUpre^OEihce occurs at 
capillary tube 14 over the letigth of active region'' 30. longer wavelengths (lower' frequencies) than this excit- 
The large length to diameter ratio available on the Tib^ 10 ing radiation, the low-pass dichrpic beam splitter 62 
insures that, for reasonably lohg incubation tinies, the dlows this radiation to pass to the photpdet^tbr, whii:h 
length of the sampled region may be kept very nearly in turn provides an electrica] signal prbpdxtiond to the 
the length of region 30. intensity of the fluroescence. EMdiroic beam 

It- should be noted that in competitive assays the ratio . also alio ws some radiation from source 60 to illuminate 
after equilibration between lihtagged antigen being 15 reference detector 68, which provides an electrical 
quantitated and the^tagged antigen of the reagent is \he signal proportional to the source intensity. These ;tw6 
measurand. For an initially saturated monolayer of anti<i electiical signals are ratioed by ratio amplifier 70, to 
body and tagged antigen; the amount of untagged anti- provide ah electrical output signal proportional to fluo- 
gen that must be scavenged from the siimple to occupy rescient intensity corrected for source intensity varia- 
half the coupling sites 44 would require, at realistic 20 tibns, which is displayed by display 72. 
titers of antigen in biological iluids, diffusion paths of It will be appreciated that the present invention is not 
several millimeters. Such 'long diffusion paths would limited to the apparatus so far. descn1>ed^;nor to the 
clearly require excessive incubation times. It is for the experiniental protocols outlined hereinabove. Thus, 
purpose of balancing the ratio of . tagged antigen to . while the sample within tube 14 will be retained by 
sampled antigeii in a competitive assay that biologically 25 capillarity as soon as the tube is withdrawn from the 
inert protein 56, in flxed ratio to the antibody, is incor- sample, evaporation at the sample's free surface will 
porat^. The optimal ratio of inert protein to antibody eventually reduce the sample within the tub& Accord- 
will depend on the particular assay and the allowable in^y, it may be advantageous to seal the tube with a 
incubation .time. For normal4evels of antigen and incu- nonfluoresceni inastic as soon as the sample is collected, 
bation times on the order of IS minutes, a 100:1: ratio of 30 Alternatively, the sample may be protected from raipid 
inert protein to antibody app^urs satisfactory; ; > ; , evaporation by putting a terminal constriction, as gener- 

While the present invention may be use4 in ai»allistic ally indicated by index numeral 90 of kit 110 (FIG. 2} in 
mode. (Le., .by observing the rate of fluroescence. in- capillary tixbe 114. Constriction 90 is lipiited to tlie 
crease), a preferred method is, to make the iiicubation region opposite the lower inert region 32 of fiber 12, 
time long enough that the layer thickness completely 55 and is typically given a minimum inside diameter some 
sampled by diffusion is greater than the difference in 100 microns greater than the diameter of the fiber (i.e., 
diameters of tube 14 and fiber 12 (diameters are used for for the 200 micron flber of the preferred embodiment, 
this difference since the fiber may npt be centered). As the numihum inside diameter of cdistriction 60 is some 
noted previously, for such an incubation time, the entire 300 microns)* In all other respects, kit 110 may be simi- 
cross section of the tube will be sampled over the length 40 lar to ki^ 

of active region 30. As the dimensions of fiber 12, capil- It will also be recognized that aiiy needed buffering 
lary tube 14, and active region 30 are easily controlled reagent could be in the'foim of a lyophilized powder 
during manufacture, the volume sampled can be made packed inside the capillary (for such an embodiment, 
independent of the skiU of the technician perfonning the ^ ' the structure of capillary tube 114 recommends itkelf). 
assay. Such a method has the further advantage over 45 However, given the l^ge surface to volume 
the ballistic method in that measurement is independent 10, the buffer migHt klso be coated on , the the fiber or 
of the sample viscosity, which may vary from sample to the inside wall of cai>illary tiibe 14 in the form of am- 
sample. Observing the endpoint of a reaction allowed to photeric polyelectrolytes (which could be proteins). In 
run to completion also provides a miaximal signal and particular, such material might be poated pn the inside 
therefore a better signal to noise ratio. SO capillary wall as a reagent cbating 130 (illustrated m 

After incubation, kit 10 is placed m fluoriineter 59, FIG. 2). As the wall of capillary tube 14 has a^arger 
stopper 16 cooperating with aperture plate 65 to posi- area than the free area of fiber 12, it is well suitbd' for 
tion end face 24 of fiber 12 in the appropriate location coatings of reagent required in addition to that incorpb- 
relative to the fluorimeter's optical train: Radiation of a rated in activated region 30^ particularly if considerable 
wavelength chosen to excite fluorescence in jfluoro- 55 additional reagent is required. It >yU^ 
phores 52 is supplied by light source 60, via dichroic that other reagents, such as ^ticoagulants, might be 
beaiiri sphtter 62 and objective 64, so as to illuminate end coated on the fiber or capillary tube, 
face 24 of fiber 12 within the cone angle defined by the It might be noted further that the fibei* diameter niust 
numerical aperture of the fiber. This radiation is conse- not only be constant alOng its length, but must aliso be 
quentiy propagated within fiber 12 at or above the criti- 60 constant from disposable to disposable. Otherwise, 
cal angle (as indicated by ray 54 in F'lG. 3), arid multiply while the overall amount of sample would be constant 
totdly intenially reflectinj^ along the len|th from test to test, the amount of reagent would vary. 

As a result, an evanescent wave is produced in fluid 43 This accuracy requirement could be avoided by coating 
adjacent the fiber. ODmpetitive binding of tagged'com- the taggied antigen.bn the iilside wall of the capillary as 
ponents 50 and untagged components 54 to mbietles 46 65 reagent boating 130 (FIG. 2). This wbuld not only re- 
attached to the fiber results in fluroescenUy tagged duce the diameter constancy requirement on the fiber 
complexes 46C in proportion to the relative concentra- but also on the capillary, since a diameter increase of the 
tion of tagged to untagged components. Excited by the . latter would increase not only the reagent amount but 
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also that of the sample, wlule Tor the fiber, a resulting 
increase in the. number of binding sites would be com- 
pensated by the reduction in the number of reflections 
(provided the illumination throughput was matched to 
the minimal fiber diameter). , . ^ 

: It will also be understood that fiber 12 and tube 14 
nught be of other than right circular cylindrical shape, 
and . that, for instance, they might be a pair of parallel 
plates with a capillary spacing therebetween. . 

It Nvil] further be appreciated that while the use of the 10 
apparatus has been described as not requiring the re- 
moval of flber 12 from capillary tube 14, such disassem- 
bly of kit 10 may be performed in order to accommo- 
date alternative protocols as, for instance, a wash or 
dilution step or a reagent exposure following sample 15 
exposure. Thus, for instance, in performing sandwich- 
type assays, after binding a multivalent antigen to the 
immobilized antibody of activated region 30, fiber 12 
must be exposed to tagged antibody, generally follow- 
ing a wash or a dilution step. While the required 20 
changes of fluid might be accomplished by aspiration, it 
might prove more convenient to manipulate fiber 12 
between capillary tubes or other fluid enclosures. 

, Since these and certain other changes may be made in 
the above apparatus and method without departing 25 
from the scope of the invention herein involved, it is 
intended that all matter contained in the above descrip- 
tion or shown in the accompanying drawing shall be 
interpreted in an illustrative and not a limiting sense. . 

What is claimed is: 30 

1. Apparatus for performing inmunoassays using an 
antigen-antibody complex incorporating a fluorescent 
tag capable of emitting fluorescent radiation when ex- 
cited by exciting radiation, said apparatus comprising in 
combination: 3S 

an optical fiber transmissive to both said exciting 

radiation and said fluorescent .radiation; 
a coating on at least a portion of said fiber, said coat- 
ing having a plurality of sites, each being capable of 
having attached thereto a selected moiety of said 40 
antigen-antibody complex so as to leave substan- 
. tially unaffected the activity of said selected moiety 
. for forming said antigen-antibody complex; and 
means for controlling a volume of capillary dimen- 
sions bounded by said portion of said fiber. . 45 

2. Apparatus according to claim 1 wherein said coat- 
ing is on a predetermined length pf said fiber. 

3. Apparatus according to claim 1 wheribin a plurality 
of selected moieties of said antigen-antibody complex 
are iattached to.^said coating. ' .50 

,4. Apparatus according to claim 3 wherein said se- 
lected moieties are attached to substantially all of said 
plurality of sites. 

5., Apparatus, according to claim 3 wherein said se- 
lected moieties and a plurality of particles of an Immur 55 
nologically inert material are attached m a piredeter- 
mined ratio to substantially all of said plurality of sites. 

6. Apparatus according to claim 5 wherein a plurality 
tagged complement to said moieties are complexed to 

said moieties. 60 

7. Apparatus according to claim 1 wherein said capil- 
lary dimensions are predetermined. 

8. Apparatus according to claim 7 wherein said means 
for controlling comprises an elongate enclosure mieans 
dimensioned to surround said fiber in a spaced-apart 65 
relationship of capillary dimensions and means for posi- 



tioninjg said flber in said reliationship within said enclo- 
suire means. 

9. Apparatus according to clain^ 8 wherein said elon- 
gate enclosure' means is a capillary tube. 

10. Apparatus according to claim 9 wherein at least a 
portion of the interior of said, capillary tube is provided 
a reagent coating. 

11. Apparatus according, to claim 9 wherein said 
means for positioning said fiber includes a substantially 
centrally apertured stopper mounted in a first end of 
said capillary tube, said fiber being positioned in said 
aperture. 

12. Apparatus according to claim 11 wherein said 
stopper is provided with locating means for defining the 
location of an end of said flber. 

•13. Apparatus according to claiin 11 wherein the 
opposite end of said capillary tube is dimensioned to 
have a smaller inside diameter than the remainder of 
said capillary tube. 

, 14. Apparatus for performing immunoassays wherein 
a fluorescent tag capable of emitting fluorescent radia- 
tion when excited by .more :energetic exciting radiation 
is -incorporiEited in a constituent of an antigen-antibody 
complex, said^apparatus^ comprising in combination: 
an optical fiber transmissive to both said exciting 
radiation and said fluorescent radiation, a predeter- 
\ ^ ' mined length of said flber having immobilized 
' « thereto a selected moiety of a desired antigen-anti- 
- body complei^ 'in a predetermined surface concen- 
tration; ^ ' ; 
a capillary tube dimensioned to accept said flber in 

spaced-apart relationship; and 
a stopper aiffixed to a first end of said capillary tube, 
said stopper supporting said fiber substantially co- 
axially within said capillary tube with said flber 
passing through said stopper substantially cen- 
trally, said stopper having a locating means for 
defining the location of an end of said fiber. 
15. A method for immundassay employing an optical 
element transmissive to excitation radiation which can 
excite fluorescence of a fluorescent tag included as a 
constituent of an antigen-antibody complex, said ele- 
ment being also transmissive to said fluorescence, said 
optical element having selected moieties of said anti- 
body-antigen complex attached to a pre-determined 
area of its surface, said method comprising the steps of; 
immersing said optical element in a fluid sample to be 
assayed so that the portion of said sample immuno- 
logically reactive with said selected moieties can 
react therewith to form said complex; 
controlling the immersion of said optical element in 
said fluid sample so as to insure that said predeter- 
mined area is completely covered with a layer of 
known thickness of said fluid sample; 
incubating said optical element in said layer of fluid 
sample for a time in excess of the time required for 
diffusional processes to scavenge the volume of 
sample defined by said known area and said known 
thickness; 

illuminating said optical element with an evanescent 
electromagnetic wave of said excitation radiation 
so as to excite fluorescence of said tag in said com- 
plex attached to said optical element; and 
; measuring the intensity of said fluorescence. 
.***«♦ 
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